This work was afforded from 2 points of view, phytochemical evaluation and relation to antioxidant activity and dietary burden of phenolics of a cup of "Mountain tea", a drink obtained by domestic infusion of Sideritis. Phytochemically, two extraction protocols using water and methanol as solvent were used for comparison. Methanol and boiling water extracts (by domestic infusion procedure) showed that extracts were rich in bound forms of phenolics such as hydroxycinnamic acids, phenylethanoid glycosides and flavonoid glycosides. The total phenolic content for Sideritis species ranged around 190 mg per serving (2 g infusion bag) for methanol extracts and around 72 mg per serving in water extracts. Among the two different Macedonian Sideritis species, Sideritis raeseri (wild growing) showed the highest phenolics content in both extracts (212 mg and 89 mg per serving, respectively). Concerning the phenolic content in the different aerial parts, leaf was the richest plant organ in phenolics followed by flower and stem with the lowest amount. The methanol extract from Sideritis raeseri (wild growing) showed the highest antioxidant capacity as shown by DPPH, ABTS and FRAP assays. The antioxidant capacity was linearly correlated with phenolic content. Nutritionally, the dietary burden of phenolics of a "Mountain tea" bag for domestic infusion (serving size) was established at 89 mg for an homogeneous and equal distribution of the different aerial parts (leaf, flower and stem). However, and according to our results a rate of 60% leaf and 40% flower would increase the content of bioavailable phenolics and also the total phenolics content of a serving bag of "Mountain tea".
Regarding the phytochemical composition of Sideritis, several flavone aglycones and glycosides [1, 7, 8, 11, 12] , diterpenes [13] and phenylethanoid glycosides [14] have been previously reported in Sideritis species. Despite the importance of polyphenols description in Sideritis, very little is known about the structures and content of phenolic substances in these species growing in Macedonia. Only flavone aglycones have been studied in extracts prepared with acid hydrolysis giving an overview of the present flavones [15] but not an insight in the nature of the glycosylated forms and combinations with phenolic acids. HPLC coupled to MS has shown to be a very useful method in the identification of these complex flavonoids [16] [17] [18] [19] .
From a nutritional and dietary point of view, two important aspects should be underlined, the nature of the phenolics which would be consumed by a domestic infusion of "Mountain tea" and the quantitative dietary burden of phenolics after ingestion of this drink per serving. The rate of absorption, pharmacokinetics and metabolism of phenolics in humans depend on their nature [20, 21] . Besides, their dietary burden may determine if they could exert biological activity at physiological level [22] . To the best of our knowledge, the dietary burden of a serving size (2 g) of "Mountain tea" has never been established [23] . By in vivo studies, several phenolics belonging to Sideritis species like flavones and hydroxycinnamic acids have been studied with regards to their absorption and metabolization by the human gastrointestinal tract and following occurrence at systemic level in plasma and excretion by urine [24] [25] [26] [27] .
With consideration of the above reasons, the goal of this work was to identify and quantify the phenolics in different parts (organs -leaf, flower, and stem) of four samples of two Sideritis species (S. scardica -wild growing and cultivated and S. raeseri -wild growing and cultivated) in methanol and water extracts, to detect differences in the qualitative and quantitative profiles of both wild and cultivated Sideritis and to establish the dietary burden of phenolics per serving of Sideritis paying attention to the rate per cent of the different aerial parts (flower, stem and leaf) according to their phenolics composition. Finally, the Sideritis species were studied as a source of antioxidants by calculation of the antioxidant capacity.
General: Relevant phenolic compounds in the Sideritis extracts were identified by their UV spectra, their deprotonated molecular ions and their corresponding ion fragments, by using LC-DAD-MS/MS ( Table 1 ). The content of hydroxycinnamic acids, phenylethanoid glycosides, flavonoid 7-O-glycosides and acetylated flavonoid 7-O-glycosides were determined in different aerial parts of Sideritis samples (flower, leaf and stem). The identification of phenolics was in accordance with that found in our previously reported work [18, 19] .
The quantification of the total phenolic content was carried out using a homogeneous distribution of the different aerial parts of Sideritis (33% leaf, 33% flower, 33% stem). To the best of our knowledge, there are not many available data on the quantification of the phenolics in Sideritis species. Palomino et al. [28] have analyzed the flavonoid content in Spanish Sideritis species using HPLC. They have This study is the first report that establishes the dietary burden of phenolics per serving size of the Macedonian Sideritis species, showing their valuable chemical composition and justifies their popular use as a healthy dietary beverage "Mountain tea" obtained by boiling water infusion of aerial parts of Sideritis.
Phenolics dietary burden of "Mountain tea"
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Total phenolic content: Total phenolic content was determined as a sum of hydroxycinnamic acid derivatives, phenylethanoid glycosides, and flavonoid 7-Odiglycosides and acetylated flavonoid 7-O-diglycosides ( Table 2 ). The total phenolic content for Sideritis species ranged around from 164.26 to 212.28 mg per serving for methanol extracts and from 57.08 to 88.78 mg per serving in water extracts. Methanol extract of S. raeseri (wild growing) presented the highest total phenolic content (212.28 mg per serving) due to its high acetylated flavonoid 7-O-diglycosides content. The richest sample in phenolics by water extraction of the phenolic content (88.78 mg per serving) was S. raeseri (wild growing) too.
Hydroxycinnamic acid content: Three hydroxycinnamic acid derivatives were identified in Sideritis extracts: 3-Ocaffeoylquinic acid, 5-O-caffeoylquinic acid and feruloylquinic acid ( Table 1) . They have identical UV spectra characterized by absorption bands at 320-325 nm and 242 nm and by a sharp diagnostic shoulder at 290-300 nm. The MS/MS of their deprotonated molecular ions and their corresponding fragment ions with the relative abundances allowed their final identification (Table 1 ) in accordance to our previous reports on these Sideritis samples [18, 19] .
3-O-caffeoylquinic acid and 5-O-caffeoylquinic acid were found in all Sideritis varieties ( Table 2 ). In contrast, feruloylquinic acid was detected only in methanol extract of S. raeseri (wild growing). 5-O-caffeoylquinic acid was the most abundant in all Sideritis extracts. 5-Ocaffeoylquinic acid represented about 90% of total hydroxycinnamic acids in all methanol and water extracts.
The total amount of these phenolic acid derivatives in methanol extracts ranged from 3.63 mg per serving for S. raeseri (cultivated) to 10.43 mg per serving for S. raeseri (wild growing). In water extracts, these total quantities were around 7 mg per serving for S. scardica (wild growing and cultivated) and around 4 mg per serving for S. raeseri (wild growing and cultivated) ( Table 2) . Total hydroxycinnamic acid derivatives represented about 5% of total phenolic compounds in all methanol extracts, except in the methanol extract of S. raeseri (cultivated) with about 2% (Figure 1 ). Their abundance in water extracts was 2 fold higher than in methanol extracts and it represented around 10% in water extracts of S. scardica (wild growing and cultivated) and around 5% in water extracts of S. raeseri (wild growing and cultivated).
In methanol extracts, the content of these compounds was similar in the leaf and in the flower but lower in the stem. In contrast, in the water extracts the presence of compound 1 was found only in stems extract, compound 2 was equally distributed in leaf, flower and stem and compound 3 in the water extracts was not detected ( Figure 2 ).
Phenylethanoid glycosides content:
Five compounds showed UV spectra with absorption peaks at 234, 246, 288 and 330 nm and MS fragmentation patterns characteristic of phenylethanoid glycosides acylated with caffeic and ferulic acid, thus allowing identification as glycosyl hydroxycinnamic acid derivatives (Table 1) . Echinacoside, forsythoside A and verbascoside are caffeoyl glycosides, whereas alyssonoside and leucoseptoside are feruloyl glycosides [18] . Total content of phenylethanoid glycosides ranged from 13.34 mg per serving for water extract of S. scardica (wild growing) to 65.66 mg per serving for methanol extract of S. scardica (cultivated) ( Table 2 ). In general, water extracts showed a higher phenylethanoid glycosides contribution to total phenols than methanol extracts. This contribution is around 36% for water extracts and 31% for methanol extracts (Figure 1 ).
Regardless the type of extraction, the content of phenylethanoid glycosides was higher in the leaves and lower in the stems. The distribution of these compounds was approximately: leaves:flowers:stems = 3:2:1 ( Figure  2 ). The only exception was compound 4 which was not detected in S. scardica (cultivated) and S. raeseri (wild growing). In contrast, compound 4 was detected only in the stem of S. scardica (wild growing) and S. raeseri (cultivated) ( Figure 2 ). Table 1 ). The assignment of sugar substitutions on flavonoid hydroxyls has been carried out in accordance with results of MS analysis and UV spectral data and was in accordance to our previously reported data [18, 19] . The main flavonoid 7-O-diglycoside in all the varieties was 3'-O-methylhypolaetin 7-Odiglycoside (Table 2) with the mean contribution of around 50% of the total flavonoid 7-O-diglycosides. The total amount of this group of compounds ranged from 3.79 mg per serving for methanol extract of S. scardica (cultivated) to 44.98 mg per serving for methanol extract of S. raeseri (cultivated).
Significant quantitative differences in the profile of flavonoid 7-O-diglycosides between methanol and water extracts of S. scardica (wild growing) were found. The content of these compounds in the water extract of S. scardica (wild growing) was 26.08 mg per serving in contrast to the methanol extract of S. scardica (wild growing) where flavonoid 7-O-diglycosides were not detected. This situation was obtained as a result of the hydrolysis of acetylated flavonoids during extraction in boiling water and that was the reason for the low abundance of them in methanol extracts. There was no pattern about the distribution of flavonoid 7-Odiglycosides in the different aerial parts (leaf, flower and stem), but they were mainly abundant in the leaves and flowers. The amount of these compounds in the stems is very low (Figure 2) .
Flavonoid acetylglycosides content:
The occurrence of acetylated derivatives in Sideritis extracts were confirmed by comparison of the chromatograms and MS spectra before and after saponification. The compounds in this group can be divided in two subsets: monoacetylated and diacetylated derivatives. Six compounds in Siderirtis species were characterized as monoacetylated derivatives of flavonoid 7-O-diglycosides. Three of them were 6′′′-monoacetylated derivatives and for the other three the acetylation was at the 6′′ position (Table 1 ). Only 5 diacetylated derivatives of 7-O-diglycosides were found in our samples (Table 1 ). According to the position of both acetyl groups they could be divided in two groups. In the first group, the two acetyl groups are located on different sugars and, in the second group, both acetyl groups are on the same sugar unit. These results are in accordance to our previous reports [17, 18] . Table 1 ) in different parts: ( ) leaf, ( ) flower, ( ) stem extracted by a) methanol, b) water. Abscises axes: Number of de different compounds described in Table 1 . Ordinates axes: rate per cent of each compound quantitatively according to the aerial part indicated. of S. raeseri (wild growing) ( (Figure 2 ).
The content of flavonoid acetylglycosides was highest in the methanol extracts of leaf of S. scardica (cultivated), and also in the water extracts of leaf of all samples. The content of these compounds was equally distributed in the flower and in the stem of the methanol extracts of S. scardica (wild growing) and S. raeseri (wild growing and cultivated) ( Figure 2 ).
Phenolic compounds as antioxidants:
Flavonoid phenoxy radicals exhibit reduction potentials in the range 540-700 mV and the corresponding parent flavonoids are expected to efficiently inactivate various reactive oxygen species with higher potentials [29] . This process is important according to two situations: in food science, where the term antioxidant is often implicitly restricted to chain breaking inhibitors of lipid peroxidation and in humans, where free radicals generated in vivo damage many other targets besides lipids, like nucleic acids. The chemical properties of polyphenols in terms of availability of the phenolic hydrogens as hydrogen donating radical scavengers enable their antioxidant activity. For the polyphenol to be defined as an antioxidant, it must satisfy two basic conditions: first, when present in low concentration relative to the substrate to be oxidized, it can delay, retard or prevent the autooxidation of free radicalmediated oxidation [30] ; second, the resulting radical formed after scavenging must be stable-through intermolecular hydrogen bonding on further oxidation [31] .
The free radical scavenging activities (DPPH • and ABTS •+ tests) as well as the ferric reducing ability (FRAP assay) were used to evaluate the antioxidant capacity of the Sideritis extracts. The results are given in Figure 3 . All antioxidant assays were repeated three times, and the coefficient of variation [CV = (standard deviation (SD)/mean) x 100] was always < 10%. In addition, calibration curves were made for each assay using Trolox as standard. These antioxidant capacity methods are not conclusive since they can fit or not with the antioxidant mechanisms at physiological level, however they represent an orientation for future in vivo studies.
All three methods for antioxidant activity measurements agreed that the most active types of extracts were both, methanol and water extracts from leaves samples. This is due to the presence of flavonoid glycosides known as potential hydrogen donors and radical scavengers [32] . In some of the leaves extracts, the percentage of inhibition reaches nearly 100%. This suggests that these extracts may contain higher concentration of active compounds than those needed in the reactions of DPPH • and ABTS •+ scavenging. In the follow up work it will be necessary to apply diluted samples of the extracts to provide better evidence for which extracts are the most efficient ones.
Flowers and leaves extracts showed a high capacity for scavenging both DPPH • and ABTS •+ radicals (Figure 3) . The results obtained with the DPPH • and ABTS •+ assays showed that some water extracts have higher antioxidant capacity than the methanol extracts. Leaves extracts (water and methanol) exhibited the highest activity, followed by flowers and stems extracts.
Water extracts from the leaves of S. scardica (cultivated) gave considerably higher antioxidant content than the corresponding methanol extracts. Both, methanol and water extracts from the leaves of S. raeseri (wild growing) showed similar antioxidant activity. Extracts of S. scardica (wild growing-leaves) showed the lowest antioxidant activity. The results obtained with the ABTS •+ assay were similar to those obtained with DPPH • assay.
The flowers extracts of all samples have been proposed as important sources of antioxidant phenolics [31] . Thus, the mean value of the DPPH • assay of flowers extracts was high, although quite lower than that of leaves extracts. All methanol extracts of the flowers showed higher antioxidant activity than water extracts. The highest antioxidant capacity was measured for methanol extracts from the flowers of S. raeseri (wild growing and cultivated) and the lowest from water extracts of S. scardica (cultivated), although the water extract of its leaves provided the highest antioxidant capacity compared with the other leaves extracts.
The extracts from the stem for all species had lower antioxidant capacity. The water extracts gave a 1.2 fold lower antioxidant activity than the methanol extracts. The antioxidant capacity of methanol extracts from stems of S. scardica (cultivated) and S. raeseri (wild growing) were higher and comparable. The lowest antioxidant capacity was measured for the water extract of S. scardica (wild growing -stems).
The capacity to reduce TPTZ─Fe 3+ complex to TPTZ─Fe 2+ of all samples for both methanol and water extracts varied markedly (Figure 3 ). The FRAP assay has been used as a tool to evaluate antioxidant capacity of studied species and to compare these values with the DPPH • and ABTS •+ assays values. From the Figure 4 it is clear that the obtained values are around 2.5 mM TEAC with all three methods and the values for the FRAP assay agree with the free radical scavenging measurements.
Antioxidant capacity in correlation to the phenolic content: As a general rule, the antioxidant capacity has been positively correlated with phenolic content [32] . The different phenolic content of both water and methanol extracts were positively correlated with antioxidant capacity (Figure 4 ). The R 2 value of the water extracts were higher than those of the methanol extracts. The values were 0.77 (total phenolics -water extract vs TEAC DPPH assay) and 0.66 (methanol extract vs DPPH assay), 0.81 (water extract vs ABTS assay) and 0.65 (methanol extract ABTS assay) and 0.78 (water extract FRAP assay) and 0.67 (methanol extract FRAP assay). The values for antioxidant capacity, compared to trolox as a standard, were higher and ranged from 2 mM trolox and up to 5 mM trolox for some leaf and flower extracts. This showed that the substances are capable of scavenging reactive oxygen species and act like hydrogen donors. Apigenin and isoscutellarein glycosides are antioxidant agents, due to the acidic 4'-hydroxyl group [32] . Furthermore the presence of hydroxycinnamic acids enriched the antioxidant capacity.
The ─CH=CH─CO─ group ensures great hydrogendonating ability and thus enforces the antioxidant capacity [33] . 4'-O-methyliso-scutellarein glycosides was not expected to be potent antioxidant, due to methylation of 4'hydroxyl group.
Phytochemical conclusions:
There are several internal and external factors affecting the quality and quantity of flavonoids in Sideritis species. These include the genetic diversity as well as many environmental variables, i.e. growing conditions such as light intensity, humidity, temperature, abundance of other cultures on one side and the type of extraction on the other side [16] .
In the quantitative analysis of flavonoids, the methanol extracts resulted in higher flavones contents in the Sideritis samples than the extracts prepared in boiling water. Domestic infusion of Sideritis (boiling water) to make the "Mountain tea" resulted in minor losses in hydroxycinnamic acids and phenylethanoid glycosides content. In contrast, less than 19% of acetylglycosides from S. scardica (wild growing and cultivated), 34% from S. raeseri (wild growing) and 40% from S. raeseri (cultivated) originally present in Sideritis were extracted in water extracts. This situation was a result of the hydrolysis process during the extraction in boiling water and that is the reason for the low abundance of flavonoid 7-Odiglycosides in methanol extracts. Concerning to the phenolic content in the different aerial parts, leaf was the richest plant organ in phenolics followed by flower and by stem with the lowest amount.
The methanol extract of S. raeseri (wild growing) exhibited the highest antioxidant capacity as shown by DPPH, ABTS and FRAP assays. The antioxidant capacity was linearly correlated with phenolic content. The results obtained indicate that certain plants used for preparation of infusion could be further studied as source of antioxidants in order to evaluate the contribution of the specific phenolic compounds to the overall antioxidant activity.
The relatively high content of phenolic compounds in the extracts prepared in boiling water from cultivated Sideritis samples enables consumption of a solid close of antioxidants per serving size (2 g in infusion bag) of Mountain tea prepared from Sideritis.
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Nutritional conclusions & recommendations:
From a nutritional point of view and as a general conclusion, we found in Sideritis species three types of phenolics, flavones, hydroxycinnamic acids and phenylethanoid glycosides. According to previous reports, they showed demonstrated anti-ulcer, anti inflammatory and antioxidant activity effects [1] [2] [3] . Some of them are used in treatment of gastrointestinal ailments, common colds (including bronchitis, sore throat, and flu) and as a diuretic [4, 5] . Thanks to these effects, they are being increasingly consumed as a daily drink by consumers.
However, to exert these beneficial properties for health, they need to be absorbed at physiological level. By in vivo experiments with animals and clinical trials with humans, the flavones apigenin, luteolin and scutellarein are absorbed but at low rate (around 0.25% of the initial intake). They are extensively conjugated to glucuronides, sulphates and transformed to methylated forms [24, 27] . 3caffeoylquinic acid and 5-caffeoylquinic acid may be directly absorbed in the stomach, hydrolyzed by enterocytes at the small intestine and by the caecum microflora to be absorbed as caffeic acid [21, 25] . To the best of our knowledge, there is no information about the absorption of phenylethanoids, only the metabolization evidence to glucuronidated, sulphated or methylated forms [26] . However, the most abundant phenolics by domestic infusion (boiling water) were esterified forms of flavones and hydroxycinnamic acids. It must be underlined that the esterification decreases the bioavailability of phenolics compared to the non-esterified forms [21] . Therefore, and according to this information, we need to include in a "Mountain tea" bag for domestic infusion (serving size) the highest quantity of the most bioavailable phenolics of Sideritis to ensure their occurrence and physiological level. That means, to include in a "Mountain tea" serving size higher rates of hydroxycinnamic acids, and flavonoid glycosides. For this goal, the best way is to modulate the rate per cent of leaf, flower and stem taking part of the infusion bag. Our results suggest that the best way to prepare a tea is using 60% of leaf and 40% of flower, decreasing up to the maximum the addition of stem. S. raeseri (wild growing) was selected as the plant most suitable for the elaboration of the "Mountain tea" since it showed the highest content of phenolics in water extracts. Therefore, and according to the above data, a serving of "Mountain tea" including higher rates per cent of leaf and flower of wild S. raeseri will provide higher bioavailable phenolics content than a serving bag containing homogeneous distribution of aerial parts of this plant (33% leaf, 33%, flower, 33% stem).
Experimental
Reagents and standards: 2,2-diphenyl-1-picryl-hydrazyl (DPPH·), 2,4,6-Tripyridyl-s-Triazine (TPTZ), manganese dioxide (MnO 2 ), ferric chloride (FeCl 3 6H 2 O) were purchased from Sigma-Aldrich (Steinheim, Germany), formic acid, acetic acid, methanol, all of analytical grade were purchased from Merck KGaA (Darmstadt, Germany); 2,2'-azino-bis(3-ethyl-benzothiazoline-6-sulfonic acid) (ABTS chromophore) was supplied from Galbiochem, Merck KGaA (Darmstadt, Germany); 6-hydroxy-2,5,7,8tetramethylchroman-2-carboxylic acid (trolox) was from Fluka Chemika (Neu-Ulm, Switzerland). 5-caffeoylquinic acid and rutin (quercetin 3-rutinoside) were purchased from Sigma (St. Louis, MO). Milli-Q water was produced by using an Elix 3 Millipore coupled to a Milli-Q Model Advantage A10 water purification system (Molsheim, France).
